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x WKHVWUDWHJLFOHYHOUHIHUVWRGHILQLQJREMHFWLYHVGHILQLQJV\VWHPVGDWDFROOHFWLRQDQGDQDO\VLV
x WKHWHFKQLFDOOHYHOUHIHUVWRPRGHOGHVLJQLQJGDWDSURFHVVLQJPRGHOOLQJRIYDULRXVV\VWHPGLUHFWLQJSURFHVVLQJ
RSHUDWLRQVSURJUDPPLQJFDOLEUDWLRQYDOLGDWLRQ
x WKHRSHUDWLRQDOOHYHOUHIHUVWRH[SHULHQFHSODQH[SHULPHQWVRQDPRGHOUHVXOWDQDO\VLVGRFXPHQWDWLRQ
2QHRIWKH(XURSHDQWUDQVSRUWSROLF\REMHFWLYHVLVWKHLPSOHPHQWDWLRQRI,QWHOOLJHQWWUDQVSRUWV\VWHPVWKDWZLOO
DOORZRSWLPL]HG WULSSODQQLQJEHWWHU WUDIILFPDQDJHPHQWDQGHDVLHUGHPDQGPDQDJHPHQW$Q LPSRUWDQWDVSHFW LQ
XUEDQ QHWZRUNVPRELOLW\ LV IRU WUDYHOHUV WR EH LQIRUPHG DERXW YDULRXV WUDYHOPRGHV DQG WLPHV DQG FDQ WKLVZD\
FKRRVHWKHRSWLPDORSWLRQIRUWKHP>@
%\UHVHDUFKLQJRWKHUWUDIILFVLPXODWLRQVRIWZDUHLWZDVREYLRXVWKDWWKHUHDUHQRWPDQ\VXFKVLPXODWRUVWKDWFDQ
EHXVHGIRUUHDOWLPHVLPXODWLRQRIXUEDQWUDIILFQHWZRUNV>@>@
'XH WR WKHHYROXWLRQ LQQHWZRUNRSHUDWLRQDQGPRGLILFDWLRQ WKHGDWDREWDLQHG WKURXJKVLPXODWLRQKHOSV WUDIILF
DGPLQLVWUDWRUVWRDSSUR[LPDWHO\IRUHVHHWKHFRQVHTXHQFHVRISHUIRUPHGPRGLILFDWLRQV7KHVLPXODWLRQPRGHOQDPHG
6,073ZDVFUHDWHGIRUWKHFDOFXODWLRQRIDYHKLFOHURXWHWLPHEHWZHHQWZRFKRVHQSRLQWVGHSDUWXUHDQGDUULYDO
7KHDUFKLWHFWXUHRIWKHVLPXODWLRQPRGHO
7KHVLPXODWRUVHHVDVWUHHWQHWZRUNDVD3HWULJUDSKQHWZRUNDV\VWHPRIGLVFUHWHHYHQWV53W3HWULWUDQVSRUW
QHWZRUN 7KH 3HWUL WUDQVSRUW QHWZRUN PRGHO DOORZV WKH VWXG\LQJ RI D V\VWHP¶V HYROXWLRQ ZLWK GLVFUHWH HYHQWV
PRGHOOHGWKURXJK53W>@([HFXWLRQLQYDULDQWVGHILQHWKHURDGVZLWKLQWKHQHWZRUNDQGWKHPD[LPXPFDSDFLW\RI
WKH WUDQVLWLRQVSDUWLFLSDWLQJ WR WKHURDGGHWHUPLQH WKHURDG¶V WUDQVSRUWFDSDFLW\ ,Q)LJ WKHGLDJUDPRI WKH53W
QHWZRUN LV VKRZQ7KHJUDSK MRLQWV 3ODFH UHSUHVHQWPDMRU LQWHUVHFWLRQVRQ WKHFLW\PDS7KHYHFWRUFRQQHFWLQJ
WZRLQWHUVHFWLRQVLVRULHQWHG3±3DQGJXLGHGE\DWUDQVLWLRQUXOH73RVLWLRQ3LV WKHHQWU\LQWRWKHQHWZRUN
VRXUFHZKLOHSRVLWLRQ3LVWKHGHVWLQDWLRQH[LWIURPWKHQHWZRUN


)LJ7KHGLDJUDPRIWKH3HWULWUDQVSRUWQHWZRUN
7KHVLPXODWRU6,073LQFOXGHVWKHIROORZLQJLWHPV>@
x 9LUWXDOYHKLFOH±7RNHQKDYLQJWKHIROORZLQJSURSHUWLHVDWWDFKHG
 RULJLQODQH
 FXUUHQWODQH
 DYHUDJHYHKLFOHOHQJWKPP
 WLPHUVURXWHWLPHPHWHU
 URXWHLVWKHQDYLJDWLRQRSWLRQ
x 7UDIILFODQH±/DQHKDYLQJWKHIROORZLQJSURSHUWLHVDWWDFKHG
 LGHQWLILFDWLRQQXPEHU
 OHQJWKP
 DYHUDJHURXWHVSHHGNPK
 DYHUDJHURXWHVSHHGPV
 ODQHFDSDFLW\PD[LPXPQXPEHURIWRNHQXQLWV
 WUDQVLWWLPHV
 RFFXSDWLRQOHYHOFXUUHQWQXPEHURIWRNHQXQLWV
x 7UDQVLWLRQ±7UDQVLWLQJKDYLQJWKHIROORZLQJSURSHUWLHVDWWDFKHG
 LGHQWLILFDWLRQQDPH
 VRXUFHODQHLQGHVWLQDWLRQODQHRXW
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 V\QFKURQRXVFRQQHFWLRQVOLQN
 ODQHOHQJWKP
 JUHHQWLPHVUHGWLPHV
 URXWHVSHHGNPK
 URXWHVSHHGPV
 WUDQVLWWLPHV
 WUDQVLWFDSDFLW\WRNHQXQLWV
x 2UGHU±7HPSRUDU\VHTXHQFH
6LPXODWLRQLVWKHWUDQVIHUDFFRUGLQJWRFHUWDLQUXOHVWLPHIXQFWLRQVDQGUHVWULFWLRQVLQRQHGLUHFWLRQVRXUFHWR
GHVWLQDWLRQRIWKHWRNHQV7UDQVIHULV WKHUHVSRQVLELOLW\RIWUDQVLW W\SHREMHFWV$WRNHQLVDWUDQVLWLRQULJKWRIWKH
WUDQVLWLRQ DFWLYDWHG DW D FHUWDLQ SRLQW 7KH ULJKW LV DVVLJQHG VXFFHVVLYHO\ LQ D VSHFLILHG RUGHU DQG LV H[FOXVLYH
WKURXJKRXWWKHWUDQVLWLRQ¶VDFWLYLW\VWDWH±WKLVLVWKHIXQGDPHQWDOSULQFLSOHRIGLVFUHWHHYHQWVLPXODWLRQ
x 5RXWH
7KHURXWHQRWLRQLVQHFHVVDU\ZKHQWKHUHDUHURXWHRSWLRQVPRYHIRUZDUGRUWRWKHULJKW7KHQXPEHURIURXWHV
HTXDOVWKHQXPEHURISRVVLEOHRSWLRQV³1RURXWH´LVZKHQWKHWRNHQLVJXLGHGRQWKHILUVWDFWLYDWHGOLQNE\DWUDQVLW
RQURZ
6,073VLPXODWLRQLVXVHGIRUWKHFDOFXODWLRQRIWKHHODSVHGWLPHEHWZHHQSRLQWV7KHVLPXODWLRQLVSHUIRUPHG
IRUDURXWHYHUVLRQUHVXOWLQJWKHWLPHHODSVHGEHWZHHQWKHGHSDUWXUHDQGDUULYDOSRLQW7KHGLDJUDPRIWKHURXWHWLPH
VLPXODWLRQLVSUHVHQWHGLQ)LJ

)LJ7KHGLDJUDPRIWKHURXWHWLPHVLPXODWLRQ/W DYHUDJHOHQJWKRIWRNHQ/O ODQHOHQJWK
/WU WUDQVLWDUHDOHQJWK/ FOHDUODQHOHQJWKW* JUHHQWLPHW5 UHGWLPH6O DYHUDJHODQHVSHHG
6WU DYHUDJHWUDQVLWVSHHG1W RFFXSDWLRQFKDUJHRIODQH

&DOFXODWLRQRIWKHURXWHWLPH
7KHVLPXODWLRQPRGHORIWKHSURSRVHGWUDIILFVLPXODWHVWKHQHWZRUNFRQVLVWLQJRIWUDIILFOLJKWLQWHUVHFWLRQVDQG
FDQEHH[WHQGHGXSWRLQWHUVHFWLRQV
7KH XVHU SURYLGHV VSHFLILF GDWD UHODWHG WR WKH VHFWRU¶V JHRPHWU\ WKH LQWHUVHFWLRQV DQG WKH GHQVLW\VSHHG
UHODWLRQVKLS 7KH RWKHU QHFHVVDU\ LQSXW YDULDEOHV DUH RI G\QDPLF QDWXUH VXFK DV WKH IORZV GHWHUPLQHG E\ WKH
FROOHFWRUVDQGWKHWUDIILFOLJKWF\FOH)RUHDFKODQHVHFWRUWKHUHVXOWVLQFOXGHWKHDYHUDJHQXPEHURIYHKLFOHVDQG
WKHDYHUDJHVSHHGSHUVHFWLRQVDQGWLPHLQWHUYDOV7KHYDULDEOHVVXFKDVWRWDOWLPHRUOHQJWKFDQEHHDVLO\REWDLQHG
>@>@>@>@
)RUHDFKVHFWRUWKHQHFHVVDU\LQSXWGDWDLV
 VSHFLILFGDWDUHODWHGWRWKHJHRPHWU\RIWKHVHFWRURILQWHUVHFWLRQVWKHOHQJWKRIWKHDFFHVVODQHDQGLQWHUVHFWLRQ
WKHQDPHRIWKHDFFHVVODQHDQGLQWHUVHFWLRQWKHDYHUDJHOHQJWKRIWKHYHKLFOHWKHVSHHGOLPLW
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 WKHDYHUDJHIRUZDUGLQJVSHHG
 WKHLQWHUVHFWLRQFURVVLQJVSHHG
 YHKLFOHDFFXPXODWLRQ
 WUDIILFOLJKWF\FOHGXUDWLRQRIWKHFRORUJUHHQDQGFRORUUHG
2XWSXWYDULDEOHVLQFOXGHIRUHDFKODQHDQGLQWHUVHFWLRQ
 WKHODQH¶VPD[LPXPFDSDFLW\
 WKHLQWHUVHFWLRQFURVVLQJWLPH
 WKHQXPEHURIYHKLFOHVWUDQVLWLQJRQWKHJUHHQFRORULQDQLQWHUVHFWLRQ
7KHUHVXOWVUHIHUWRWKHZLWQHVVYHKLFOHDQGLQFOXGHWKHODQHDQGWUDQVLWWLPHWKHZDLWLQJWLPHLQTXHXHDQGDWWKH
WUDIILF OLJKW WKH WRWDO URXWH WLPH IRU HDFK VHFWRU RI WKH URXWH )LJ 7KH YDULDEOHV ZHUH GHWHUPLQHG XVLQJ WKH
IROORZLQJUHODWLRQV
7UDQVLWWLPH±7WU>V@

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/&    
7UDIILFWLPHIRUWUDQVLWLQJWRNHQ±&URQRW
OWU 77&URQRW    
7UDIILFWLPHIRUZDLWLQJWRNHQLQVRXUFHODQH±&URQRZ
5W&URQRW&URQRZ    
8SRQWKHLQVHUWLRQRIWKHLQSXWGDWDWKHRSWLRQµ6WDUWVLPXODWLRQ¶LVDFFHVVHG)LJ$WWKHHQGRIWKHVLPXODWLRQ
WKHWRWDOURXWHWLPHIRUWUDQVLWLQJWKHFKRVHQURXWHLVREWDLQHG5HVXOWVDUHDOVRHGLWHGDVD5HSRUW)LJLQFOXGLQJ
WKHUHVXOWVDFFRUGLQJWRSKDVHVDQGWKHILQDORQH
7KH VRIWZDUHZDVZULWWHQXVLQJ1RWHSDGDQG'UHDPZHDYHU WKURXJK+70/DQG -DYDVFULSW ODQJXDJHZKLFK
SHUPLWXSWRGDWHFKDQJHVLQWKH64/DQG3+3GDWDEDVHV


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
)LJ&DOFXODWLRQRIWKHURXWHWLPH

)LJ([WUDFWIURP5HSRUW
5HVXOWV
7KHDSSOLFDWLRQRIWKHVLPXODWLRQPRGHO6,073ZDVSHUIRUPHGRQURXWHVLQ&OXM1DSRFD&LW\LQFOXGLQJVHYHUDO
WUDIILF OLJKW DQGPRQLWRUHG LQWHUVHFWLRQV )RU WKH VLPXODWLRQ WKH VSHFLILF LQSXW GDWD IRU HDFK VHFWRU ZDV LQVHUWHG
6LPXODWLRQVKDYHEHHQSHUIRUPHG IRU VHYHUDO WLPHVRI WKHGD\FKRVHQDFFRUGLQJ WR WKH WUDIILF IORZFKDUWREWDLQHG
IURPFROOHFWLQJGDWDLQLQWHUVHFWLRQV>@)ROORZLQJWKHVLPXODWLRQVWKHHODSVHGWLPHEHWZHHQWKHFKRVHQGHSDUWXUH
RULJLQ DQG DUULYDO GHVWLQDWLRQ LQWHUVHFWLRQV ZDV REWDLQHG 7KH 6,073 VLPXODWLRQ UHSRUWV ZHUH DOVR HGLWHG
FRQWDLQLQJ SDUWLDO WLPHV REWDLQHG SHU SKDVHV EHWZHHQ LQWHUVHFWLRQV DQG WKH ILQDO UHVXOW )RU H[DPSOH WKH URXWHV
FKRVHQIRUVLPXODWLRQRQDZRUNLQJGD\WLPHVSDQKKDUH
x /XFLDQ%ODJD6T±1DSRFD6W±8QLULL6T±(URLORU%OY
x (URLORU%OY±$YUDP,DQFX6T±6WHIDQFHO0DUH6T±%DED1RYDF6T
x /XFLDQ%ODJD6T±5HSXEOLFLL6W±$YUDP,DQFX6W±%DED1RYDF6T
7KHILQDOUHSRUWLVVKRZQLQ7DEOH
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7DEOH5RXWHWLPH)LQDO5HSRUW
5RXWHFKRVHQIRU
VLPXODWLRQ
7RWDOURXWHWLPH
V
7UDQVLWLQJ
LQWHUVHFWLRQVDQG
WUDIILFODQHV
V
:DLWLQJRQWUDIILF
ODQHVIRUDUHGOLJKW
VRIWKHWLPH
   
   
   

$OVR IRU GHWHUPLQLQJ WKH EHVW WUDYHO RSWLRQ EHWZHHQ 3LDĠD /XFLDQ %ODJD VT RULJLQ DQG %DED 1RYDF VT
GHVWLQDWLRQURXWHRSWLRQVZHUHVLPXODWHG
D/XFLDQ%ODJD6T±1DSRFD6W±8QLULL6T±(URLORU%OY±$YUDP,DQFX6T±6WHIDQFHO0DUH6T±%DED
1RYDF6T7KHUHVXOWLQJURXWHWLPHLVPLQV
E/XFLDQ%ODJD6T±5HSXEOLFLL6W±$YUDP,DQFX6W±%DED1RYDF6T7KHUHVXOWLQJURXWHWLPHLVPLQV
$IWHU WKH VLPXODWLRQ WKH ILQDO URXWH WLPHV IRU WKHVH WZR RSWLRQV ZHUH FRPSDUHG UHVXOWLQJ WKH RSWLPDO WUDYHO
RSWLRQ7KHEHVWWUDYHORSWLRQLVRSWLRQE
&RQWULEXWLRQ
7KHGHVLJQHGVLPXODWLRQPRGHO6,073FDQEHXVHGIRUWKHFDOFXODWLRQRIURXWHWLPHFRPSDULQJURXWHRSWLRQV
DQGHYDOXDWLQJWUDIILFPDQDJHPHQWVWUDWHJLHV7KHJRDOLVWRSURYLGHWKHXVHUZLWKDUHSUHVHQWDWLRQRIWKHQHWZRUNLQ
UHDOURXWHWLPHVWDUWLQJIURPWKHGDWDSURYLGHGIURPWKHWUDIILFGDWDFROOHFWLRQHTXLSPHQWGHWHFWLRQORRSVHQVRUV
YLGHRFDPHUDV
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